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Foreword 


During the summer of 2002 the NASA Deputy Administrator charted an internal NASA 
planning group to develop the rationale for exploration beyond low-Earth orbit. This team, 
termed the Exploration Blueprint, performed architecture analyses to develop roadmaps for how 
to accomplish the first steps beyond Low-Earth Orbit through the human exploration of Mars. 
The previous NASA Exploration Team (NEXT) activities laid the foundation and framework for 
development of NASA’s Integrated Space Plan. The reference missions resulting from the 
analysis performed by the Exploration Blueprint team formed the basis for requirement 
definition, systems development, technology roadmapping, and risk assessments for future 
human exploration beyond low-Earth orbit. Emphasis was placed on developing 
recommendations on what could be done now to effect future exploration activities. The 
Exploration Blueprint team embraced the “Stepping Stone” approach to exploration where 
human and robotic activities are conducted through progressive expansion outward beyond low- 
Earth orbit. Results from this study produced a long-term strategy for exploration with near-term 
implementation plans, program recommendations, and technology investments. Specific results 
included the development of a common exploration crew vehicle concept, a unified space 
nuclear strategy, focused bioastronautics research objectives, and an integrated human and 
robotic exploration strategy. Recommendations from the Exploration Blueprint included the 
endorsement of the Nuclear Systems Initiative, augmentation of the bioastronautics research, a 
focused space transportation program including heavy-lift launch and a common exploration 
vehicle design for ISS and exploration missions, as well as an integrated human and robotic 
exploration strategy for Mars. 

Following the results of the Exploration Blueprint study, the NASA Administrator has asked for 
a recommendation by June, 2003 on the next steps in human and robotic exploration in order to 
put into context an updated Integrated Space Transportation Plan (post- Columbia) and guide 
Agency planning. NASA was on the verge of committing significant funding in programs that 
would be better served if longer term goals were better known including the Orbital Space Plane, 
research on the ISS, National Aerospace Initiative, Shuttle Life Extension Program, Project 
Prometheus, as well as a wide range of technology development throughout the Agency. Much 
of the focus during this period was on integrating the results from the previous studies into more 
concrete implementation strategies in order to understand the relationship between NASA 
programs, timing, and resulting budgetary implications. This resulted in an integrated approach 
including lunar surface operations to retire risk of human Mars missions, maximum use of 
common and modular systems including what was termed the exploration transfer vehicle, Earth 
orbit and lunar surface demonstrations of long-life systems, collaboration of human and robotic 
missions to vastly increase mission return, and high-efficiency transportation systems (nuclear) 
for deep-space transportation and power. 

The data provided in this summary presentation was developed to begin to address one of the key 
elements of the emerging implementation strategy, namely how lunar missions help retire risk of 
human missions to Mars. During this process the scope of the activity broadened into the issue 
of how testing in general, in various venues including the Moon, can help reduce the risk for 
Mars missions. 
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As testing objectives are defined, they will be grouped into similar logical 
and achievable campaigns 

- Similar to how Mercury and Gemini were critical steps in validating systems, 
techniques, and operational concepts needed for the Apollo missions. 


Use Mars Design Reference Mission (DRM), other earlier work, as well as 
emerging mission concepts, such as the Nuclear-Electric Artificial-gravity 
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- Compare infrastructure required for tests with that required for lunar scientific 
investigations 

- Develop integrated (or, at least, concatenated) list of test objectives and lunar 
science objectives for integrated lunar architecture approach 


Mars Mission Context 
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Zero-g Transits • Artificial-g Transits 

Solar-Electric/Aerobrake Propulsion • Nuclear-Electric Propulsion 
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What is the rough scope of capabilities required to support each test 
objective at each applicable location described above? 
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- Timely acquisition of critical Mars environmental data (deep-space transit, orbital, 
atmosphere, surface, and subsurface) is necessary 

- Demonstration of applicable advanced technologies and operational concepts is 
needed to reduce risk of future technology choices and system designs 
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Concerns 

- Surface environment of the moon is different from the surface of Mars which may lead to additional design 
complications and risk 
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Small : Considered similar to today’s mission capability with constrained surface delivery 

capabilities and resources. Mid to high-TRL (6-9) technology testing. 

Large : Robotic missions much larger than those planned today with significantly greater 

capabilities. Missions which pre-deploy cargo for future human missions are included in this 
class. Mid to high-TRL (6-9) technology testing. 


Technology Readiness Definitions 
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• IVHM tests in near-earth can be used to determine system • LEO missions can substitute reasonably well for the Mars transits 

responses to induced and indigenous faults while close to Earth 

Mars Robotic Missions . Mars Robotic 

• Robotic missions can demonstrate some IVHM techniques prior to • IVHM concepts integrated with robotic mission avionics suites 

human missions implemented within system resources and capabilities 
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• Zero-g flight tests to determine gravity sensitive phenomena 

Mars Robotic Missions 

• Thermal system performance on martian surface including C0 2 and 
optical properties due to dust degradation 


(0 

E 

0) 


i 

CO 


o 

0) 


g 

& 


(8 

E 


0) 

H 



■a 

a) 

■a 

43 

0) 


o 

a 

a. 

3 

cn 


00 


O 

CO 

o 


o. 

Q- 

< 


0 ) 

c 


(/) 

o 


0 

.43 


o 

<0 

4-1 

c 

43 

£ 

43 

LU 


CO 

u 


CO 

o 

o 

CM 


0) 

> 


0 

> 


03 


03 


00 

o 


■0 

03 


0 

> 


. O 

c 0 

© £ 
0 O 
O O 


o 

0 


03 

c 


0 

4—1 

0 


0 


0 


o 

0 

> 

c 

o 

o 


■O 

c 

0 




if) 

E 


E 

0 


0 

-i— » 
0 

if) 



if) 


0 

■0 


■0 

c 


C 

0 


0 

0 


0 

c 


c 

o 


o 

CL 


CL 

0 


0 

o 


o 

o 


o 

4— 


4— 

o 


o 

if) 


if) 

•*—> 

4— < 

if) 


if) 

0 


0 

4—1 


-i— < 

4— < 


-i — > 

c 


.0 

0 

£ 

O 

&_ 

0 

t: 

< 

O' 

as 

• 

• 


0 

0 

o 

CL 

X 

0 


0 


13 

■D 


0 

&_ 

0 


0 


0 _ 
>, T3 


> 

C 

0 


0 

0 

0 

0 


0 0 


■0 

C 

0 


C 

o 


o 

c 


0 0 


13 

"O 


03 

C 

o 


■0 

0 

0 

0 


Q. 


0 

■0 

O 

E 


— c o 


■0 

0 

o 

0 

■0 

c 


CL 

0 

o 

E 


0 


0 

c 

0 

t 

0 

E 


0 


CL — 


0 

0 


0 
C 

o _ 

CL 

0 0 
O ■ 


0 d) 
-Q -o 


C w — 


O 


0 
_Q 

O E 
0 5 


as 

£ 

3 


0 


o 

0 

0 


o3 


0 ^ 


0 


E 

0 

0 

o 

0 


t: 

as 

LU 


-e cl 
0 » 

LU O) 


CL 

0 


0 

■0 

0 

0 

CL 

0 


Q. 

0 


s © 


LU 


as 

Q) 


© 0 

CD 0 


JZ 0 
0) C 
— 0 


c 

0 

c 

o 

Q. 

E J3 
8 § 
g>§ 

E CL 

0 E 
0 o 
£= o 


0 

g CO 


0 g 
E -2 

*— -i— « 


O T3 

t = 
8.8 
a: co £ 

CL 03 


o 

o 


(/) L_ ~ 


as 


£ 

O 

E 

£ 

O 



c 
0 
■0 
C 
0 

o © 

D) ^ 


o 

as sg 


> 

£ 


as © 

o 


£ 

as 


a> -S‘ 


.5 

^ co 


t/) 

a) 

O 


as © 

CD 0 


E 

CD 


E c 

CD O 


Q) 

> 


S n § 


CO 


.5 


■0 

c 

0 


£ 

O 


(/) 0 


c ^ 

o .2 


as 0 

£ a- 


O 

O 


o 


> 


o 

CD 

> 

£ 

O 

o 


c 
0 
E 

CL 

© — o — 

o o as 0 co 


+-» 0 

o > 

© "0 
( — 

p 0 


£ 

Q) 

E 

i s 


1 1 

IU ^ 


U) 


CD 


0 

> 


0 


> 

0 

Q 


£ © 

E © 

CD ^ 


« £ 


.£ w 


I 


^ s 

as °_ 

L: x 

CD LU 

o 1 


00 


c 

0 


C 

o 


0 

O 


O 

c 




-e 

0 

O 


0 

-Q 


0) 

c 

0) 

m 


©0 


0 

if) 

if) 

0 

o 

0 

c 


c 

0 

E 

0 

4—1 

_0 

0 

E 

if) 


■0 

c 

0 

if) 

0 

■0 

O 

E 


0 

L_ 

0 


0 

o 


if) 
-•— > 
c 
0 
E 
c 
o 


Q. 

0 

O 

E 


(0 

<D 


0 

0 

0 


C 

0 

o 

0 

0 


>» 

0 

C 

0 

CL 

o 

0 

> 

0 

■0 

O 


> 

c 

0 


a > 
+-* 
as 


0 

c 

0 

t 

0 

E 

0 


c/> 

£ 

O 

E 

Q) 

"O 


C 

03 


o 

.0 


o 

.0 


(/) 

a) 


m 

c 




"D 

Q) 

if) 

as 

-Q 


^ if) 

S 0 
.© -0 
"D 0 

© 0 
■0 £ 
© co 

CL 


_>> 
if) 

0 0 
© O 
0 

c c 

m 0 


■0 

0 

if) 

0 C 


</) 


0 0 
0 ID 


(0 

0) 


0 
-t— ' 
0 
0 
E 

if) 

O 


£ 

0 

Q. 


C/) 

Q_ 


3 § 


(/) 


© it) 


■0 

c 

0 


0 


CD "© 


— w ^ 

0 0 Q_ 


0 
E 

co o> 


o) §- 


0 


:= 0 


.0 

O 


0 -g 
— > 0 


I t E 


tl 

as 

LU 


. 0 
< c 


o 
< > 


£ t 
CD 0 
Z Q. 


t: 

as 

LU 


0 

0 

0 


0) 


o 

-Q 

O 

a: 


0 

o 


0 


as 

o 


2 

as 


o 

< 


3 

o 


a 

o 

0 


Previously Identified Risks 


li 

CO 


o 


8 

& 


0 "D 

£ 0 
o ^ 

+5 0 
>> "O 

E S 


0 


2 
O 
0 
£ 
o 

b "to 

+3 0 
0 TD 

II 

^ r 
S -E 

c ±i 

O 2 2 

is J" o 

t- 2 © 

If I 

a o © 

0 -i - 
0 > c 

8 E S 

o w g 


I I 

"O 0 

0 P 

y I 

li 

it 


"D 

0 

Q. 

E 

0 


O 0 
"O 0 


a-| 


3 ^ 


2 'p 
? © 
a © 

© | 
Q £ 


£ £ 

8 8 


0 O) 

¥§ 


JO "D 
© * 


2 © 

0 o 
q= -a 

II 

0 0 


0 *- E 
ro g ® 

j= E 2 

< O Q. 


E 

0 

£. 

? 

■C 

■a 

0 

0 

Q. 


8 f 

•= Y 

■g S 

* I 

f* 

s_ 0 

5 2 

o 0 
o 2 

0 0 


0 o 
0 £ 
« g 


^ .Q 

‘S 2 

0 0 

0 O 

1 € 
® = 


o 0 
k ro 
- ° 
0 0 


"D O 

E o 
© 0 
§.8 

© ^ 


0 S 

0 "O 


£ 

■a 

0 

2 © 
0 13 

2 2 

5 £ 

t: 0 

c E 


0 


o 


■g 1 

0 I, 

1 | 
£ § 
? E 

0 O 


■ 0 £ 


c O 
■2 

2 *5 © 

■© § -c 
D) 2 S 
c 0 ® 

&|j 2 

°ll 

0 0 O 

"CD E ° 

o 2 aT 
O Q. g) 

^00 
O £ O 

0 4_r E 
£ S © 

” P 0 


— C -Q 

g) 2 -2 
0-^0 
,£1 c 
F 0 


>> 

0 

E 


0 

'E 

0 

Q. 




2 


£ ^ 
O (D 
Q. 0 

2 ® 
'0 E 

0 0 
£ & 


£ 


I a 


0 

0 g 

£ 0 
0 -2 
-Q -c 
>> 0 
0 (0 
C 0 
"O 
0 C 
0 0 

II 


O 


0 


o 

to 

li 

Hi 

© O 
C -C 

0 ¥3 

2 b 

1 §• 
Q. C' 

0 2 

0 ±i 
8 § 
O 2 


a^ 

5 2 

£ E 


o 

CL 


0 


0 
SI 


O 

0 

o 

JZ 

> 

a 


F 

2 

0 

2 




5 8 


^ © 
^ CO 
0 0 
£ E 

r- £ 


£ £ 
0 „ 

0 2 
.2 0 

1 ® 

if 

o ^ 
o o 

5o° 

_0 o 


D 0 


?! 

O 0 


O 


■s □ 

iZ “ 


3 

o 

CO 


p 

0 


CO 

9 

Q_ 

QC 

Q_ 


8 

CL 


P 

0 


8 

CL 


9 

8 

LU 


8 


0 

0 

o 



JSC/Drake/Testing Status 4 g 10/31/2003 



Previously Identified Risks 


I g 


O 


o 

'4 

■Z 

8 

2 


1 

¥ 

CD 


I 


* Q 

E “ 


3 

o 

co 


o 

z 

0 

c 

o 

Jf) 

3 

& 


CD 

0 , 

c 

o 

'0 

0 

'E 


£ 


c c 

CD C 

'0 J 3 
0 Q. 

« 8 


C 0 
0 -Q 
X (0 
0 .2 


o 


is 

E 

0 


0 $ 
o W 

■c O 

O HI 


LO 

o 


CD 

CM 

>> 


0 

0 

0 


O O 

% 2 


0 ^ 
c 0 
0 0 


2 0 
c 

0 o 


4 = 0 

^ 0 

*g £ 
0 

0 O 


CD 

O 


■a 

0 £ 

> CD 

B 5 0 

O CL 

£ .E 

8 £ 

. 1 ? 

f S' 

2 E 

P- 0 
0 CD 

® 8 

O o 

J& 

J -C 0 

o 

S 8f 
0 £ > 
O CJ c 
O 2 O 

(8 jo W 

0 s_ 5 

8i e 


c 0 ^ 
0—0 
0 c 

0 £ -B 


h- 

o 


9 


2 

Q. 

o 


"D ‘£3 

2 £ 


~ E 

±i 0 

c "0 

S & 

c 0 

92 g 

0 O 

00 

O 


00 

>> 


0 

0 

0 


0 £* 
0 <S 

s E 
0 8 
£ .2 
c 0 

92 g 

0 & 


CD 

O 


0 

0 

0 


0 

■a 

0 


-C 

I 


■a 

0 

0 


0 

E 

Q. 


0 

0 

0 

2 

0 

0 

1 

o 

*6 

2 

_3 


O 


o 

s 


I 


4= _ 

0 £ 

■§ 8 
■E "o 


^ e 

3 0 

(f) 1 _r 

* a£ 

0 Q. 0 

O D ID 

Ilf 

f ■B £ 
.1 £ I 
ro ri E 
.E jo eg 

! s 1 

fn 

0 — s 

O 03 £ 

S’ 3 2 

o 0 b 

* 8 tf 

Ifl 

CD m $ 


c _c 

92 ro 

0 « 


§ 


I 


jB 

^ o 

0 

18 


.2 §- 

s> o. 

0 

£ | 

2 r 

92 92 

1 S 
I 2 

_ CO 

CO CO 

o E 
12 
0 £ 


3 TO 

E S 

8 0 

~ Q. 


E | 

0 0 

ill 

g$$ 


CO 

8 


CL 

0 


° 0 

£ LU 


-O ~ 

b -B 


O CO 

2 8 

0 j 5 

I? 

0 o 

II 

$ I 

0 0 
0 O) 

8 b 

UJ O 


§ 


0 


o 


c 

8 « 

I ® 

^ o 

O)^ 


^ O 

2 r 

0 ® 
n 0 
m CO 
& CO 

0 *_T 


0 0 
■e cd 
0 eg 


0 _ 

^ .eg 

1 1 

a a 

P C 
0 — 


LO 

8 


0 

a 

1 

2 

0 


CD 

8 


0 

a 

1 

2 

0 


jg 

0 

■o 


° <i 

CD 2 

C O 


0 O 
0 £ 

II 

o -= 


O Q. 


E 

o 

c 

■B 

0 

0 

3 

■0 

0 

1 S 

0 O 
>> 0 
0 ‘o' 


? .2 
S 8 


h- 

8 


9 

P 

9 



JSC/Drake/Testing Status 50 10/31/2003 



